single-crystal X-ray diffraction (XRD) is not generally used. Here, we wish to show how a combination of powder XRD and advanced solidstate NMR (among other) techniques allow the resolution of the crystal structures of these materials. A brief account of some of the materials properties will also be given. Based on the experimental improvement of data collection achieved for DAFS spectroscopy and applied using the MAD principles, a methodology has been developed for powder sample analysis in order to optimise the use and the interpretation of anomalous information. By using a zeolite example [1] our aim was to validate the resonant scattering method for contrast studies in complex powders with mixed occupancy sites. On one hand we show that even in powder samples with considerable reflection overlap and with a basically known framework the use of "dispersive difference" electron density maps allows an easy localisation of resonant atoms. On the other hand, the use of "anomalous difference patterns" enables good agreement factors to be achieved for accurate localisation. These two specific difference tools can also be used in powders containing several phases. The application of these methods can be extended to materials in geology, industry, environmental studies to localize transition metals or RE atoms. It can also give their valence by the use on powders of Diffraction Anomalous Near Edge Structure spectra. The extension of resonant contrast diffraction to in situ measurements can be foreseen to analyse the evolution of atomic order during chemical reactions. Mesoporous silica-MCM-48 has been synthesized making use of the liquid crystal templating technique. In the synthesized form the organic amphiphil occupies the pores of the silica framework. Because of the amorphous structure of silica in the framework wall, diffraction experiments only show the periodic order of the wall/pore system, i.e. the diffraction contrast, which has cubic symmetry and has been assigned to space group I a3d. Depending on the wall thickness and the periodicity of the silica framework diffraction signals only up to 8 °2 for copper radiation can be observed. After calcination the pore space becomes open and accessible for sorbate molecules.
Based on the experimental improvement of data collection achieved for DAFS spectroscopy and applied using the MAD principles, a methodology has been developed for powder sample analysis in order to optimise the use and the interpretation of anomalous information. By using a zeolite example [1] our aim was to validate the resonant scattering method for contrast studies in complex powders with mixed occupancy sites. On one hand we show that even in powder samples with considerable reflection overlap and with a basically known framework the use of "dispersive difference" electron density maps allows an easy localisation of resonant atoms. On the other hand, the use of "anomalous difference patterns" enables good agreement factors to be achieved for accurate localisation. These two specific difference tools can also be used in powders containing several phases. The application of these methods can be extended to materials in geology, industry, environmental studies to localize transition metals or RE atoms. It can also give their valence by the use on powders of Diffraction Anomalous Near Edge Structure spectra. The extension of resonant contrast diffraction to in situ measurements can be foreseen to analyse the evolution of atomic order during chemical reactions. Mesoporous silica-MCM-48 has been synthesized making use of the liquid crystal templating technique. In the synthesized form the organic amphiphil occupies the pores of the silica framework. Because of the amorphous structure of silica in the framework wall, diffraction experiments only show the periodic order of the wall/pore system, i.e. the diffraction contrast, which has cubic symmetry and has been assigned to space group I a3d. Depending on the wall thickness and the periodicity of the silica framework diffraction signals only up to 8 °2 for copper radiation can be observed. After calcination the pore space becomes open and accessible for sorbate molecules.
Using dip impregnation methods metal organic salts have been introduced inside the pore system of MCM-48 which is ca. 30 in diameter. Subsequent calcination has transformed the salt into the oxide and furthermore, the oxides were reduced to the elementary metal. The contribution will discuss the structural characterization of ZnO, CuO, Cu, TiO 2 , and Au deposited as nanoparticles inside the pore system using TEM, XAS, and PXRD and discuss their specific nature. Ordered micro-and mesoporous materials are well known for their catalytic and highly selective adsorbent properties. However they also offer a wealth of possibilities for creating materials with additional functionality.
Detailed X-ray diffraction interpretation of mesoporous materials is hampered by their large unit cell, the variable stacking and the limited crystal size. Electron microscopy combined with electron diffraction is therefore a more powerful technique to determine the structure of mesoporous materials on a local scale.
A crystalline silica material "Zeotile", with two levels of porosity and a clear structural order can be produced by tiling nanoslabs with the Silicalite-1 structure type. They can be tiled in various ways into materials with a well-defined mesoporosity. Microscopy of Zeotile-1 shows two types of pores: hexagonal and triangular with sides of 2.0 nm and 2.6 nm, respectively. In Zeotile-1, nanoslabs are forced into face sharing, double units, and then linked to form a pattern with hexagonal symmetry. Zeotile-2 is built from very similar (double) units as Zeotile-1, but has a body centred cubic symmetry (SG Ia 3d).
Hexagonal MCM-41 can be turned into cubic MCM-48 and finally into spherical particles (SSP) by the addition of alcohol to the synthesis of a mesoporous silica material. XRD suggests that the structure of these spherical particles is of the MCM-41 type. However, TEM reveals that the structure of mesoporous SSP consists of a core in the form of a truncated octahedron with the MCM-48 cubic structure and radial pores grown on the surfaces of the truncated octahedron. Spherical MCM particles therefore have a mixture of cubic and hexagonally arranged pores. We would like to acknowledge S. Kremer, C. Kirschhock, J. Martens (K.U. Leuven) and P. Sometimes intermetallic phases can adopt bewildering structures with hundreds or thousands of atoms per unit cell, or no detectable 3-dimensional periodicity. Using quantum mechanical calculations as a guide to view these structures, we will see one reason that such structures form: many complex intermetallics are, at heart, simple structures that have made room for extra electrons through the formation of interfaces. The Nowotny chimney ladder phases are an example: these are beautiful examples of two component composite crystals, in which the two incommensurable components form helical motifs. Electronic structure calculations reveal that the complex chimney ladder structures each chimney ladder consists of slabs of TiSi 2 structure type. The interfaces between the slabs act as electron sinks to achieve electron counts optimal to the TiSi 2 structure. The same thing happens in giant cubic intermetallic phases based on Friauf polyhedra, such as NaCd 2 . This phase the NaCd 2 structure, with over 1000 atoms per unit cell, is also built from blocks cut from a simple structure type, this time the MgCu 2 type. Extra electrons are accommodated by the interfaces between MgCu2-type blocks. While A new perspective in the field of modulated structures has emerged with the use of so-called crenel occupational functions in one-dimensional modulations. These functions limit the atomic occupation to a certain interval along the internal space and, as in quasicrystals, we can talk of atomic domains. The concept of average structure becomes ambiguous and, in general, it is possible to define alternative average periodicities, the division of diffraction peaks between main and satellite reflections being not unique. Also, a clear borderline between composite and single modulated structure disappears. The use of crenel functions allows a very efficient unified description of homologous series of mixed layered compounds. Their composition dependent layer stacking sequences can be understood as uniform sequences, which order a minority motif as uniformly as possible. This uniform orderings are reflected in superspace into a socalled closeness condition of the corresponding atomic domains, forcing a direct relation between the modulation wave vector and the size of the domains, and therefore, composition. This closeness condition, earlier proposed in another context for quasicrystals, is a universal feature of these mixed layered compounds. We will show that it can also be used in (3+2)d superspace to obtain and describe uniform ordering schemes within two-dimensional lattices. There exists an extraordinarily broad range of compositionally and/or displacively flexible "modulated" crystalline materials (displacively flexible framework structures, materials susceptible to Fermi surface driven structural instabilities, substitutionally disordered solid solutions etc) whose reciprocal spaces at one temperature or the other exhibit either sharp satellite reflections and/or highly structured diffuse intensity distributions accompanying the strong Bragg reflections of an underlying, well-defined average structure. The existence of such additional scattering reflects strong local crystal chemical "rules" underlying, for example, the correlated rotations of neighbouring polyhedra in flexible framework structures, the local distribution of dopant ions in substitutionally disordered systems or the correlated displacements of neighbouring ions induced by temperature-dependent, charge density wave (CDW) type structural instabilities. The local crystal chemistry as well as the associated physico-chemical properties of such flexible phases can not be understood until such modulations are recognized and properly taken into account. The results of recent structural investigations of some flexible framework structures [1], of O/F ordering in transition metal oxyfluorides [2] and of the low temperature Kondo effect in ThAsSe [3] will be used to highlight these different types of local flexibility and their structural consequences.
